The chloride ion concentration distribution and crack influence area in concrete crack area under dry-wet cycle are studied. Test blocks of concrete with different width of transverse crack are made; accelerate chloride ion erosion of concrete by using dry-wet cycle; the chloride ion concentration in the side of the crack and from the surface of the specimen to the direction the steel bar of different erosion cycles is regularly detected. The test results show that chloride concentration decreases with the increase of transmission depth, and achieve stability at 20mm. With the dry-wet cycle progressing, after 20 dry-wet cycle periods, chloride concentration in the specimen with crack width from 0.1mm to 0.5mm is over 0.1% on the side of crack by 30mm, which means the steel in this section is in danger of corrosion. Meanwhile, because of the interplay between the two-dimensional transmissions, the greater the crack width is, the higher will the chloride concentration of same transmission depth be.
INTRODUCTION
The durability of the reinforced concrete is a hot issue which has attracted much attention in today's engineering field. As a general rule, the reinforced concrete works with cracks, which come into being due to the load or the environment. Following those cracks, chloride ions, or corrosive substances of this kind, will intrude the inside of the concreate and penetrate especially around the intersection of the crack and the steel bar, thus deteriorating the quality of the concrete. The cracks invite chloride ions, which spread in the concrete and contribute to rust-eaten bars and, in turn determine the lifespan of the structure. The given studies on sound reinforced concrete show that: under dry-wet cycles, the dominant mechanism of chloride being brought into the concrete is the adsorption of the capillary porosity, which produces a transport speed much faster than that of the ion diffusion caused by the differential concentration of the chloride ions both in and outside the saturated concrete. Therefore, it is under the dry-wet cycle that the chloride ion damages the concrete the most; the appearance of the cracks leads to deterioration. The cracks dramatically affect the transport of water and chloride ions, and the erosion of the rebar, yet the transport state in the crack area varies according to the crack widths, the contributing factors and the environment. Therefore, it is of great significance to study the transport of the chloride ions of test blocks of concrete with transverse cracks under dry-wet cycle.
This paper deals with the experiments on the test block with the transverse-force crack. The chloride ion concentration, at 30mm to the right and the left side of the crack and in the range from the surface of the specimen to the direction the steel bar, is regularly detected. The transport state of chloride ions around the crack is thoroughly discussed. The relevant results will supply references to the durability of the reinforced concrete with the transverse crack in chloride ion circumstances.
EXERIMENT

Raw Materials and Concrete Mixture ratio
The experiment uses Portland cement PO.42.5 produced by South Cement Co Ltd, Hunan, China, with a performance density of 3.14g/cm3; sand from Xiang River of Hunan, middle-sized, with a modulus of fineness of 2.4 and a maximum particle diameter of 3mm; gravel from the suburbs of Changsha, Hunan, with a maximum particle diameter of 15mm and continuous grading of 5-10mm; tap water; concrete iron with a diameter of 16mm, model HRB335. 
Experimental Procedure
1.2.1CRACK MAKING
The test piece has a size of 100mm×100mm×400mm, with a shape of standard prism. The steel bars are fixed by a positioning plate with holes; the contact surfaces between the steel bars and the positioning plate are insulated with ethoxyline resin. Before use, the steel bars will be derusted by a sander with copper brush until they polish. When the test piece forms, a 0.1mm stainless steel sheet will be inserted, with a depth of 2mm, into an expected location, which, with the increase of the subsequent load, would be the insubstantial position, where the crack would appear. The device is shown in Figure 1 to make cracks. When the crack is made, the test pieces are put on a clamp apparatus, and the bottom bar is placed in the middle position of the test piece. The bearing steel plate is placed in position and the screws are tightened in turn until a crack forms. Then, draw the previously buried stainless steel sheet and then unloading. After that, install the big screw stem in the positioning steel plates. Both ends of the screw stem are equipped with two nuts inside and outside to adjust the width of the crack. Figure 2 . Specimen with crack. 1-bottom plate; 2-bearing steel plate; 3-small screw stem; 4-tight nut; 5-supporting point steel rod; 6-test piece; 7-postioning steel plate
CONTROL OF THE CRACK
The crack width is measured by intelligent crack width measuring instrument. The inside screw nut can widen the crack by turning outwards, and the outside screw nut can narrow the crack by turning inwards. After unloading, the width of the crack is measured by the crack width measuring instrument, and the crack width is determined by the device. The adjustment is adjusted once a week when the experiment will be done.
WETTING AND DRYING CYCLE RULE
The test piece will, after forming and demolding, be sent to curing chamber to receive standard maintenance for 28 days. Then the test piece would be taken out on the dry -wet circulation. The dry-wet circulation system of the experiment is as follows.The speciment were immersed in 5%NaCl solution for 2 days, and then were put in oven for one day at 75°C. For the convenience of the description, T1~T20 was expressed as the first 1~20 cycle of dry-wet cycle, and the same as the following Dry-wet circulation experiment process is shown in figure 3 . 
CHLORIDE ION CONCENTRATION DATA COLLECTION
The routine test piece is taken out in the chloride group and then would be broken to make an analysis after 5, 12 and 20 dry-wet cycles separately. Then the test piece is broken and identified the outline of the chloride ions by silver nitrate color-test. The corrosion depth of the chloride ions is measured as 30mm in the parallel fracture section and along the direction of crack depth. Sectional dimensions are as follows. 50mm to both the right and left sides of the crack, 50mm in depth. The test piece is cut in two (using distilled water-cooled saw blade) according to the section line position shown in Fig 4(2) . This way, one single test piece can be made into 4 50mm x 50mm x 50mm cubes. Samples are cut as shown in Fig 4(1) . Two of the 4 samples are sliced off in the direction of X axis; the other two in the direction of Y axis. As Fig 4（ ） 3 shows, the thickness of the sample is 5mm. As Fig 4（ ） 4 shows, six samples are taken separately from both the sides of the crack and from the surface to the direction of the steel bar. Regulations in Technical specification for determination of chloride ion content in concrete JGJ/T 322-2013 is to be observed during the operation. 
TEST RESULT & DISCUSSION
Variation of Chloride Ion Concentration with Erosion Cycle
At T5, T12 and T20, test pieces of every crack are taken out. According to the method shown in Figure 4 in 1.2.4, sapling is made along the fracture section of the cracks on both sides (5mm, 10mm, 15mm, 25mm, 30mm.) symmetric sampling. The change of chloride concentration in the region with the erosion cycle was analyzed. The results are shown in Figure 5 . Fig 5 is shown the change curve of chloride ion concentration with erosion cycle. As can be seen, When the dry-wet cycles are less than 12, the wet and dry cycle has the most significant influence on the chloride ion concentration in the range of 15mm; When the cycle of dry and wet cycles continued to increase to 20, the chloride ion concentration in the left and right 15mm of the crack decreases. However, compared with T12, the corresponding value of chloride ion concentration in the 15mm-30mm region around the crack is significantly on the increase. This is that due to the increase in the number of wet and dry cycles, the concentration of chloride ions in the vicinity of the 15mm and the concentration of chloride ions in the cracks decrease, so the increase in the region becomes smaller. Due to the concentration gradient inside the specimen, the chloride ion will be further transferred to the deeper, so the influence of the crack will increase with the increase of dry wet cycle. Studies show that when the content of chloride ion in concrete reaches 0.1Q%, the risk of steel corrosion will greatly increase. Accordingly, in the T20, the crack width of 0.1mm-0.5mm specimens, the steel bar in the cracks around the 30mm range has the risk of corrosion; while in T5, the reinforcement in the cracks around the risk of corrosion is less than 20mm. It can be seen from the figure, with the increase of dry wet cycles, chloride ion concentration in the same position also increases, but not on an equal base. This is because with the wet dry cycles moving on, chloride ions have intruded into the concrete specimen, and a part of the chloride is adsorbed in the pores of concrete, so the accumulation of chloride ion concentration of the concrete increases; the other part, because of the chlorine ion concentration gradient, further invades to the internal transmission of concrete, which is similarly shown in literature [9] . As is proposed in the literature [10] , in a wet and dry cycle the critical chloride concentration inducing rebar depassivation accounts for about 0.24% of the concrete mass. This indicates that when the dry wet cycles arrive to 20, the steel bar in the area of 5mm to the right and left sides of the crack with a width of 0.4mm and 0.5mm occurred and is depassivated and activated.
Effect of Crack width on Chloride Ion Transmission
Test pieces with crack widths in 0.1mm， ， ， 0.2mm 0.3mm 0.4mm and 0.5mm are taken out separately. At T5, T12 and T20, the test pieces are broken, then cut and sampled by the same method as in Fig 1. Figure 6 in X direction can be seen: with the increase of crack width, the chloride ion concentration at the same position is also higher. As for individual data, the crack width is large, but the chloride ion concentration is small. This may be caused by uneven concrete itself. At T5 and T12, the chloride concentration of concrete crack along X direction tends to be stable at 20mm depth; At T20, the influence depth of crack increases, and the value of chloride ion concentration on the surface of 0.1mm crack is 1.6 times higher than that of the cracked concrete, and is greater than 0.1 %. This shows that cracks accelerate the transmission of chloride ions and increase the risk of steel corrosion. In the Y direction of the parallel crack section: with increasing distance of the crack section, chloride ion concentration decreases gradually, and the chloride ion concentration in concrete cracks near is far higher than the corresponding concentration position without cracking of concrete, which illustrates that the transmission of chloride ions near the crack is two-dimensional.
In chloride under wet and dry cycles, chloride ions are transmitted into the concrete due to the interplay between the dry and wet processes, which belongs to transmission under unsaturated condition. On the surface, the transport of chloride ions is mainly capillary invasion; inside the concrete, the chloride ions reach a greater depth by diffusion effect. After the cracking of the concrete, chloride ions can reach more smoothly through the cracks of concrete, and the transmission speed will significantly increase. According to Djerbi [11] et al., the diffusion flow in the cracking concrete is equivalent in effect to that in the sound concrete cracks plus that in the crack. The equivalent apparent diffusion coefficient (Dw) is used to characterize the diffusion of chloride ion in cracked concrete. Dw can be expressed as the following formula. You can see from figure 6 that the chloride ion content decreases with the increase of depth, and the relationship between description and Fick's second law and the content of depth is consistent. According to the concentration of chloride ions measured in each position in each period, obtain the equivalent apparent diffusion coefficient Dw and the chloride diffusion coefficient of intact concrete D0 using Fick's second law, put them into formula 2-1 and Dcr is obtained. The simplified formula in document [12] , such as formula 2-2:
（2-2）
In the formula,
-1 Φ can be found in Standard normal distribution table. Cs, the chloride ion concentration on the surface, the value of chloride ion concentration of 0-5mm on the surface of concrete; X, the depth from the surface; D, the diffusion coefficient of chloride ions, the unit being m2/s. This paper studies the relationship between diffusion coefficient and crack width equivalent apparent diffusion coefficient and the cracking of concrete during the 20 cyclic wetting and drying cycles. It can be seen from Figure 7 that cracks and equivalent chloride apparent diffusion coefficient have a close relationship: with the increase of crack width, apparent diffusion coefficient increases, but chloride ion but the effects of crack different widths are different. When the crack width is 0.1mm, the diffusion rate of chloride ion is 5.56 times higher than that of cracking of concrete; when the crack width is 0.5mm; equivalent chloride diffusion coefficient greatly increases, with an effective diffusion coefficient 37 times higher than that of the cracking of concrete.
You can see from figure 8 that in 0.2mm-0.3mm, the diffusion coefficient of chloride in the cracks increases significantly; when the crack width is greater than 0.3mm, the diffusion coefficient of chloride ions no longer changes obviously with the crack width increasing. In 20°C free salt solution, the chloride ion diffusion coefficient is about 2.03×10-9m2/s, far greater than the diffusion coefficient in no cracking concrete. When the crack is greater than 0.3mm, chloride ions quickly achieve stability in fractures. In conclusion, the increase of crack width has limited effect on the diffusion coefficient.
Chloride Ion Transport in the Surface Area of Rebar
On the surface of the specimen to the reinforced direction at the depth of 25mm, chloride ion concentration changes with crack width. The variation is shown in Figure 9 . It can be seen from the figure that in the dry wet cycle stage, only a small amount of chloride ions invade to the surface of the bar. In T5, chloride ion concentration of the surface cracks of reinforced 0.5mm increases 16% than that of the 0.1mm crack. This proves that the crack width have an influence on the chloride concentration on the surface of the steel bar. With the dry wet circulation, at T20, reinforced surface chloride concentration increases with the increase of the crack width, there being a substantial increase than that at T5: the chloride concentration on the surface of the steel bar in the 0.5mm crack is about 0.15%, three times that at T5, the risk of corrosion greatly increasing. It can be also seen from the Fig 9 that , when the crack width is greater than 0.3mm, the impact the crack width increases on the steel surface chloride concentration decreases relatively. In some points in the figure, the chloride ion concentration at T5 is higher than that at T20, the cause of which may be in many ways: first, the concrete material distribution is not uniform, and the pores and coarse aggregate makes the individual measurement of chloride ion concentration point anomalous; second, there exist experimental errors, different measurement techniques and other reasons.
CONCLUSIONS
(1) For reinforced concrete specimens with transverse crack, the chloride migration in concrete is promoted by dry-wet cycles. The influence area of crack ranges with the increase of dry-wet cycle. After 20 dry-wet cycles, the steel bar, in the specimen with crack width of 0.1mm-0.5mm, is in danger of corrosion with the range of 30mm around the crack. With other conditions being equal, the chloride ion concentration in the same position increases with the increase of dry-wet cycles, but not on an equal base. When the dry-wet cycles arrive to 20, the steel bar, in the specimen with crack width of 0.4mm-0.5mm, has been depassivated and activated with the range of 5mm around the crack.
(2) With the increase of the crack width, the chloride ion concentration at the same position is also higher. The chloride ion in the concrete around the crack is two dimensional transmission. There is a close relationship between the crack and the apparent diffusion coefficient of chloride ion. With the increase of crack width, the apparent diffusion coefficient of chloride ions also increases. When the crack width is 0.1mm, the diffusion rate of chloride ion is 5.56 times of that of the intact concrete. When the crack width is 0.5mm, the effective diffusion coefficient is 37 times higher than that of the intact concrete. The diffusion coefficient of chloride ion in crack increases significantly at 0.2mm-0.3mm. But when the crack width is larger than 0.3mm, the diffusion coefficient of chloride ions in the crack is no longer changes obviously with the crack width increasing.
(3) In the early stage of dry-wet cycle, only a small amount of chloride ions invade to the surface of the bar. After 5 dry-wet cycles, the chloride ion concentration on the surface of the steel bar when crack width is 0.5mm increases by 16% compared with that of the 0.1mm crack. This proves that the crack width have an influence on the chloride concentration on the surface of the steel bar. With the dry-wet cycle goes on to 20, surface chloride concentration of the steel bar in the 0.5mm crack is about 0.15%, which is three times than that of 5 dry-wet cycles. The risk of corrosion increases greatly. When the crack width is greater than 0.3mm, the impact of the crack width on the chloride concentration of the steel surface decreases relatively.
